Effects of microgravity on growing cultured skin constructs.
Understanding the cellular, chemical, and physical responses of cells to stimuli is critical to successfully engineering tissue. The effect of culturing a living skin equivalent (LSE) in a submerged microgravity environment was investigated. LSEs were developed by culturing normal human epidermal keratinocyte (NHEK) on a submerged fibroblast and type 1 collagen gel matrix. Once formed, LSEs were brought up to the air/liquid interface, and after 4 days, the cultures were maintained in either (a) a normal air/liquid interface (S), (b) resubmerged in media (R), (c) folded on themselves to enclose the keratinized layer (F/R), or (d) cut into 2-4-mm fragments and suspended in a state of microgravity in a NASA-designed bioreactor (B). All groups were cultured for an average of 3 additional days. LSEs were processed for histologic evaluation. Skin cells were stained for cytokeratin to evaluate function. Images were digitally captured and processed for analysis. Parameters, including epithelial thickness, cellular areas, nuclear number, nuclear area, cytoplasmic area, and stained cytokeratin areas were measured. Removing the air/media interface significantly increased the number of NHEKs present in the skin; microgravity greatly enhanced this effect (p < 0.0001). No significant difference in cellular function as measured by protein expression [stained cytokeratin area (micro(2)) per cell] was found among the groups, though the ratio of nuclear area was significantly increased in all three groups as compared to the S group (p = 0.00227). In the case of the R and F/R groups, this appears due to the loss of the NHEK layer associated with those groups. Additionally, significant nuclear hypertrophy was demonstrated in the B group (p < 0.0001), and cellular hyperplasia was measured in all submerged groups as compared to static (p < 0.0001). Elimination of the air/liquid interface enhanced proliferation of keratinocytes. This effect was further enhanced in the presence of microgravity. No significant effect on cell function was noted with the use of this microgravity environment. We hypothesize that the increased epidermal contact plays a role in this proliferation. Microgravity is also associated with nuclear and cellular hypertrophy over and above that of the submersion methods.